The time required to reach a correct diagnosis is one of the most important problems for rare disease (RD) patients.
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Background
Making a diagnosis for a rare genetic disorder can be very challenging. The known number of rare genetic diseases (RDs) is currently 6000-8000 [1] with 250-280 new diseases described annually [2] , and the most rare are estimated to affect about 1/2,000,000 patients [3] .
The time required to reach a correct diagnosis is one of the most important problems for rare disease (RD) patients and, sometimes, a definitive diagnosis might never occur.
As outlined within the "International recommendations to address specific needs of undiagnosed rare disease patients" there are two different groups of undiagnosed patients [4] :
•
'Not yet diagnosed' refers to patients suffering from known conditions that should be diagnosed but haven't been because they have not been referred to the appropriate clinician or clinical centre;
• Undiagnosed ("Syndromes Without A Name" or SWAN) refers to patients for whom a diagnostic test is not yet available since their diseases have not been characterised and the cause(s) is not yet identified.
In both cases, similar measures can be applied to increase the chance of getting a timely and accurate diagnosis and they relate to the organisation of healthcare services, which must include interdisciplinary teams of well trained professionals, and to the use of available diagnostic tools and platforms for the sharing of clinical and genetics data.
According to Nick Black et al. the "diagnostic odyssey" of RD patients encompasses three different periods: patient interval; primary care interval; and specialist care interval [5] .
The patient interval goes from the "onset of symptoms and/or signs", i.e. when the patient or parent notices for the first time what will later be classified as a symptom or sign of the disease, to the "presentation to care", when the patient/parent is seen for the first time in primary care. The primary care interval goes from "presentation to care" to "referral to specialist care", when responsibility for the diagnosis shifts from primary physician to specialist care who will hopefully result in receiving an accurate diagnosis.
The length of patient interval may depend on the frequency and seriousness with which signs and symptoms present and on the patient and parents' capacity to recognise them. While a sign is an objective evidence of a disease (such as a skin rash or a cough), and can be detected by someone different from the individual affected, a symptom is a phenomenon that is experienced (such as stomach ache, lower back pain, and fatigue) and can only be recognized by the individual who is experiencing it. Being subjective, symptoms may not be timely recognised.
In both primary and specialised care, diagnostic delays and/or errors may occur for several reasons.
Clinical diagnosis is a medical act based on information coming from many sources such as findings (signs and symptoms) from a physical and/or psychological examination of the patient, interview with the patient or family or both, medical history of the patient and family, clinical findings as reported by laboratory and instrumental tests.
In the diagnostic interview, which plays a vital role in the diagnostic process, the physician typically tends to consider complex and rare diseases only after discarding the most common and simple ones [6] .
Besides, the physician may either not know the specific manifestations of the disease or may not have performed the necessary and appropriate diagnostics tests.
The patient may present atypical symptoms and/or clinical manifestations for a known disorder, or a combination of symptoms for more than one disorder, or even a novel, unreported disorder.
There may be instances in which a non-genetic risk factor is implicated, but not clearly identified, like a rare syndrome associated with the use of a certain drug or with the exposition to multifactorial environmental factors [7] .
In addition, there may be communication problems between patient and physician, especially when the patient is a minor who is not able to speak, due to the young age or to disabilities and difficulties to express him/herself, and when common symptoms, like fatigue or pain, do not appear to have an obvious medical cause.
Even though some delay is to be expected in the diagnosis of a rare disorder, this delay can be intolerably long.
In a survey carried out by EURORDIS on eight relatively "common" RDs (Crohn's disease, Cystic fibrosis, Duchenne muscular dystrophy, Ehlers-Danlos syndrome, Marfan syndrome, Prader Willi syndrome, Tuberous sclerosis, Fragile X syndrome), 25% of patients reported to have waited from 5 up to 30 years to get the right diagnosis, the initial diagnosis being wrong in 40% of cases [8] .
Although exact statistics are not available, the situation is likely worse for the rarest disorders.
The impact of such experience is immense for the single patient and his/her family, and costly to society. Diagnostic delay prevents doctors from initiating the right therapeutic regimen when one exists, and it involves useless visits and exams, some of which are invasive and painful, resulting in an increased stress for the patient and increased costs for the healthcare services.
There are psychological and social consequences related to the uncertainty of this special situation. Not recognizing a patient's symptoms by physicians, patient's family members, friends, colleagues and/or others can lead to misunderstandings in a patient's social environment, a sense of isolation and even stigmatisation of the patient or his/her parents.
Parents of a child with an undiagnosed disorder are concerned that their other children might be similarly affected. There are also implications for reproductive choices as the absence of diagnosis prevents families from making informed decisions [9] .
Diagnostic delay prevents patients from accessing specialised healthcare and social services, such as periodical follow up that are standard practice for other severe and chronic conditions (i.e. for cancers).
Access to care is linked to integrated clinical paths that are tied to specific codified diagnoses. Thus, faulting clear diagnosis patients may be denied access to the care or may be forced to rely upon their own finances and resources.
A delayed or missed diagnosis may create undue inequalities in comparison with other categories of patients that can access diagnosis more readily. Therefore, we may suggest that, whenever possible, there is a duty to pursue a timely and accurate diagnosis, or at least guarantee access to care for patients where clinical observations are inconclusive with respect to a specific codified diagnosis. As we discuss later, this is important for the development and application of innovative diagnostic methods and automated decision support towards mitigating rare symptoms.
Several international initiatives have been developed to approach the problem of undiagnosed diseases.
In 2008, the NIH Undiagnosed Disease Program (UDP), through the efforts of the National Human Genome Research Institute, the NIH Clinical Center, the Office of Rare Diseases Research, and other NIH research institutes and centers, arose to provide a diagnosis for individuals who had long sought one without success [10] .
Starting from the US experience and prompted by parents of undiagnosed children, the Undiagnosed Diseases Network International (UDNI) was established in 2015 and it currently includes Australia, Canada, Japan, Israel, India, Japan, Korea, Sri Lanka, Thailand, United States and 9 European Countries (Austria, Belgium, France, Germany, Hungary, Italy, Spain, Sweden, The Netherlands) together with patient organisations. The UDNI Members share the strategy, general principles and best practices to tackle undiagnosed patients, with respect to Country specificities [11, 12] .
Besides concentrating expertise and capacities in medical research centres dedicated specifically to undiagnosed cases, the diagnostic tools that are currently implemented to increase the chance of getting a timely and accurate diagnosis consist in the in-depth analysis of a patient's genotype through the use of next generation sequencing (NGS) techniques, coupled with a standardised in-depth phenotype description [13, 14] .
The increasing ability to combine multiple types of data provides new possibilities for finding diagnostic markers or patterns. For instance, it is possible to combine sophisticated high-throughput approaches, such as RNA sequencing and -omics technologies, with functional studies to validate the pathogenicity of variants [15] .
When the case remains unsolved, it is still possible to search for other patients with similar genotype and phenotype features worldwide by using matchmaking platforms, in order to narrow the number of candidate genes that are associated with a particular phenotype [16] .
The current approach to diagnostic research on RDs described above is proving to be very fruitful as, However, like other scientific innovations and methodological approaches which carry new potential benefits and foreseen or unforeseen risks, the combination of -omics and phenotype data and international sharing of this information raise ethical concerns that need to be addressed. Values to take into account in the assessment include and are not limited to patient autonomy as well as family implications, beneficence, non-maleficence, justice, solidarity and reciprocity (Table 1 ) which must be respected and promoted and, at the same time, balanced among each other.
Getting accurate diagnosis through integrated genotype and phenotype analysis
In the medical literature, the term "diagnosis" can have different meanings. A "clinical diagnosis" refers to the integrated information of findings detected by a clinician after physical examination of the patient, interview with the patient or family or both, medical history of the patient and family, and clinical findings as reported by laboratory and instrumental tests. A histological diagnosis is the microscopic description of tissues and cells; genetic diagnosis describes a genetic mutation, regardless of whether the gene function is known.
The emerging era of "Precision medicine" is providing a new and additional dimension to the concept of diagnosis.
Precision medicine has been defined as "treatments targeted to the needs of individual patients on the basis of genetic, biomarker, phenotypic, or psychosocial characteristics that distinguish a given patient from other patients with similar clinical presentations" [19] .
According to William Gahl, coordinator of the NIH Undiagnosed Diseases Program (UDP), the definition of diagnosis that is most satisfying for the aims of precision medicine includes an understanding of disease pathogenesis, linking genetic and clinical findings and informing prognosis and therapy [13] .
With regard to genotyping, Next Generation Sequencing (NGS) is increasingly being applied in clinical diagnosis, as it can identify genetic variations associated with disease, can determine fusion genes and can detect pathogens on patient samples. Unlike previous diagnostic sequencing, NGS can deliver a full qualitative and quantitative analysis of the DNA or RNA sequences within a sample in a single test and thereby it holds the promise of improved diagnosis; moreover, the use of these advanced methodologies has accelerated the pace of discovery by enabling hypothesis-free approaches [20, 21] .
However, the application and analysis of NGS data and the interpretation of variants of unknown clinical significance (VUS) remain a major challenge in diagnostics, particularly as resources for functional studies enabling pathogenic validation are limited. The development of high-throughput models of disease that use patient-derived material might help to clarify the implications of VUS. Furthermore, sharing of data on VUS among institutes is essential to identify overlapping results and determine the pathogenic significance of these variants.
Reference standards are an invaluable resource through which to understand these limitations [22] . Also, the complexity of data processing, analysis and interpretation requires the development of appropriate bioinformatics tools combining the results of sequencing data with in-depth phenotype data with trained and qualified experts competent in the complex analysis of the data.
It has been reported that in highly detailed phenotyped RD cohorts, the diagnostic yield of NGS approaches 40%, while with less specific phenotypes, the rate of diagnostic success is far smaller [23] .
Deep phenotyping has been defined as "the precise and comprehensive analysis of phenotypic abnormalities in which the individual components of the phenotype are observed and described, often for the purposes of scientific examination of human disease" [24, 25] .
In order to be suitable for integrated analysis with genotype data, phenotype data need to be collected according to standardized terminologies and ontologies, often with annotations and links to other information [26] .
There are several ontologies that are currently being applied to the study of human diseases [27, 28] .
Most projects on undiagnosed RDs (e.g., the US National Institutes of Health Undiagnosed Diseases Program, Care4Rare Canada and Australia, EURenOmics, NEUrOmics, RD-Connect, the International Standards for Cytogenomic Arrays Consortium, national or regional undiagnosed disease programmes) are implementing and contributing to the development of the Human Phenotype Ontology (HPO), a comprehensive hierarchy of approximately 11,000 standard terms, most of them with detailed definitions and alternative names [29, 30] .
The HPO itself does not describe individual disease entities but, rather, the phenotypic abnormalities associated with them, which may be shared between other RDs and common diseases as well.
Currently there are 21 research projects and 25 tools using HPO terms, some of which (i.e. the software Phenotips [31] and Phenomizer [32] ) were developed to be used by clinicians, to assist them in the diagnosis of patients.
The Monarch Initiative, a collaborative, open science effort that aims to integrate genotype-phenotype data from many species and sources in order to support precision medicine, developed Guidelines on "How to annotate a patient's phenotypic profile" [33] .
The Guidelines recommend that the physician reports "negative annotations" while describing a patient phenotype, which are the traits that were expected to be found within a defined clinical framework, but were actually not found.
Some matchmaking platforms also allow the clinician to indicate the severity of observed phenotypes [34] .
When, despite all efforts, the case remains unsolved or SWAN, there are several data sharing and matchmaking platforms at the international level that have been developed in order to find matches between similar cases.
Matchmaking platforms are being developed by Universities, medical centres, and research institutions that are creating repositories of undiagnosed cases through the collection and comparison of genotypic and phenotypic data based on the HPO or other ontologies [35, 36, 37] .
These initiatives are joining their efforts in order to allow the communication of specific case details within larger shared environments.
Matchmaker Exchange (http://www.matchmakerexchange.org/) is a project supported by the Global Alliance for Genomics and Health (http://genomicsandhealth.org/), the International Rare Disease Research Consortium (http://www.irdirc.org/), and ClinGen (http://clinicalgenome.org/) and represents the largest effort in this regard [38] . Matchmaker Exchange can also serve as a paradigm for a wide range of pattern matching services, i.e. beyond genetic mutations and phenotypes only, when generalizing its requirement for standardized data. Many patient or disease data collections contain substantial amounts of data that cannot be directly classified as human phenotypes. Their standardization, for instance as part of a FAIRification procedure [39, 40] , will create a wide range of options for discovering diagnostic markers.
On the appropriateness of prescribing NGS techniques for undiagnosed cases
The great potential of NGS techniques are generating new hopes among undiagnosed patients. Indeed, to the point that SWAN Europe, the European coalition of associations specifically dedicated to undiagnosed patients lists "facilitating access to genomic technologies for families within the undiagnosed community" among its main objectives [5] .
The optimal timing for Whole Exome Sequencing (WES) in the diagnostic process is still unclear, whether it should be at the first medical encounter after a clinical evaluation where a significant genetic heterogeneity is evident, or after having performed first tier of gene tests, or towards the end of the diagnostic odyssey when extensive and possibly invasive tests have already occurred [41] . Indeed, the indication for WES becomes clear once no pathogenic variant is detected in the first five candidate genes in the clinical suspicion list. However, it's noteworthy to underline the frequent waiting time between each individual test result and the cost to the patient (both financially and emotionally) for each recurrent clinic visit.
NGS, and in particular WES, has proved to have a high diagnostic utility and to be cost effective in undiagnosed patients as it allows to dramatically reduce both the number of tests and the time required to get an accurate diagnosis, thus reducing the financial and psychological burdens associated with prolonged investigation [42, 43, 44, 45, 46] . However, the current bottleneck is the waiting list not because of issues related to the technologies but because of shortage of qualified experts for the analysis of the sequencing results. Therefore, there is a huge need to increase capabilities and training of experts to analyse these findings. Currently this availability may present great variations from country to country. Moreover, even though the costs of NGS tests are falling dramatically, with the expected increasing use of genome and exome sequencing, the costs of storage of these huge data might become a critical issue.
Based on the UK number and extrapolating to the European population, SWAN Europe have estimated that more than 65,000 children are born in Europe each year with a syndrome without a name [47] .
It is likely that by summing up the number of "yet to be diagnosed" and "SWAN" patients, the request to perform NGS techniques in all patients who are lacking accurate diagnosis will become evident to healthcare systems and competent authorities in the near future. A model to take into consideration is the NIH UDP for examples as well as others, where the decision is taken on a case-by-case basis with the involvement of multiple RD experts, largely through consultations during UDP admissions. The program has been able to achieve half of the diagnosis through massive parallel sequencing from phenotype informed genetic testing, the other half through biochemical and radiologic investigations and molecular analyses [48, 49] . This model indeed is being used by other UDP programs worldwide [11, 50] and modified taking into account the specific context in each country. Despite this, the US UDP model has also been criticised for being successful in only a small proportion of the patients evaluated, for not necessarily resulting in treatment outcomes, and for being funded by the NIH "without any consideration of cost" [51] .
Improving diagnostic and discovery processes through patient involvement
Undiagnosed patients are obviously highly motivated to participate in the diagnostic process by searching information on specific variants in the scientific literature and undertaking individual initiatives throughout social media to spread information on their particular genotype and phenotype characteristics and search for individual cases still unpublished [52] .
They are also likely to participate in biobank and registry based research, in matchmaking databases [53, 54, 55] and they are actively contributing to starting dedicated programs for undiagnosed diseases, as in the experience of the UDNI [11] .
The search on dedicated platforms for other patients worldwide, sharing rare genotype and phenotype features has relevant ethical implications for undiagnosed patients, in particular relating to respect for their autonomy, protection of confidentiality and communication of new findings as they emerge, and involvement of children in research.
Here we propose that, in order to maximise patient involvement in the search for a diagnosis and in the identification of new causative genes, undiagnosed patients should be offered the possibility to actively participate to the diagnostic process (box 1):
As regard to the involvement of children we propose that, as long as they are intellectually able to make these decisions, they must be involved as soon as possible in the decision making to determine whether to share or not their data, with whom especially if data include pictures and are easily searchable by their peers.
The first request, patient participation to phenotype description, is motivated by the possibility that clinicians and patients consider different phenotypic traits as more or less relevant in a patient's phenotype, especially when a patient is suffering for "medically unexplained symptoms" [56] .
The concepts of ''illness' and' ''disease'' describe the different perspectives from which patients and doctors may look at the same phenomenon. "Illness" stands for the ill health as it is experienced by the patient, while "disease" stands for the disease as it is diagnosed by the physician following the results of medical examinations, tests and investigations, according to standardised diagnostic codes [57] .
In the translation from "illness" to "disease", a practitioner may filter the information provided by the patient according to the relevance s/he attributes to certain signs or symptoms for their coherence with predefined hypothesis.
The role of a physician's hypothesis is indeed fundamental in the diagnostic process, since it provides a framework to organise the information gathered and to actively search for additional information.
However, a physician might dismiss phenotypic features that are not coherent with the main hypothesis but are relevant to the patient. Therefore, the patient should be entitled to review his/her phenotype description and eventually notify the relevant physician if s/he feels that relevant phenotypic traits are missing or different from what is reported.
To encourage patient involvement, the Monarch Initiative has translated phenotype descriptions into plain language without clinical terms unfamiliar to patients [58] . It has already developed a layer of 5,000 corresponding terms understandable for patients, basic research scientists, clinicians, and machines alike to help improve disease characterization and diagnosis.
Patient involvement enables the scientific community to extend ontologies, including HPO terms, with more precise terms, including for instance more subtle auditory, visual, and sensory traits identified by the patient community [55] .
As regard to the second request, the visibility level of the profile in matchmaking databases, patient involvement is equally important in the decision regarding his/her privacy settings: there are different matchmaking databases for unsolved rare diseases that use automated matching systems to connect users who are contributing data with strong genotypic and phenotypic similarities.
Regulations focus on security of handling data (IT security measures) and on anonymity. However, this may not be the primary concern for RD patients. While protecting confidentiality and applying all the possible measures to ensure proper access is still critical [59] , other preoccupations may be more important in the search for a diagnosis [60] .
For the purposes of increasing the number of matches that are currently possible by using existing platforms, it would be ideal if the described cases were routinely made available to a wide albeit closed community of researchers if not completely public, in accordance with national privacy regulations and with the preferences of the patient.
For a number of reasons, including the wish to protect the patient's privacy or the wish to be the first to identify and publish the causative or implicated gene(s), a researcher may decide to keep the patient record "private" or to share it with a limited number of researchers thus limiting the possibility to find matches in wider matchmaking networks.
While a researcher can be aware of the risks deriving from wider data sharing, the discussion should always be pursued with the patient.
Acknowledging a patient's will may really provide a balance between unnecessary paternalism and undue liberalism in dealing with undiagnosed patients' data.
An IRDiRC / Global Alliance for Genomics and Health (GA4GH) working group is currently investigating privacy-preserving record linking to overcome the problem of patient identification while still enabling data from the same patient in multiple data sources to be combined [61] .
The third request is that undiagnosed patients should be offered appropriate genetic counselling in order to be involved in deciding how much significant must a variant be in order to be communicated as a "secondary finding".
According to the American Society of Human Genetics genetic counselling is a "communication process which involves an attempt by one or more qualified persons to help the individual or family to: 1) comprehend the medical facts, including the diagnosis, probable course of the disorder, and the available management; 2) appreciate the way heredity contributes to the disorder (….); 3) understand the alternatives for dealing with the risk of occurrence; 4) choose the course of action which seems to them appropriate (….); 5) make the best possible adjustment to the disorder (….) and/or the risk of recurrence of that disorder" [62] .
With the use of NGS techniques, the likelihood to identify variants that are not directly linked with the known/expressed phenotype is high. While diagnostic variants rely on the fact that patients are aware and looking for that specific answer, secondary variants may be revealed unexpectedly carrying unwanted implications that may add to an already delicate situation. At the same time providing adequate information in the consent process may be a challenge since counselling cannot be provided beforehand on too many variants.
To deal with this complexity, models of multistage consent have been proposed for the return of findings [63, 64] . These models foresee that patients can provide a general answer for being re-contacted and delay the final decision until more information is available for better informing the decisional process.
Along with the consent models, another decisional process includes deciding which variants should be provided to patients. It has been suggested that results originating from sequencing (whether related to the original research question or not) that are "actionable" as they have acceptable clinical validity and important impact on patients´ health should be returned to participants (for example BRCA 1 or BRCA2 mutations) [67] . However, the threshold for "acceptable" clinical validity and impact are a moving target and are difficult to define and there is a good deal of disagreement among experts. This considerations apply also to the "actionability" concept that falls among the criteria for returning results. In fact, a result can be considered to have clinical utility when actions can be taken on its basis and, according to different interpretations, this may be limited to therapeutic and preventive measures or it may include reproductive choices and other decisions that are relevant for the patient. In addition, it must be remembered that clinical utility has different meanings in different health care contexts, in which different preventive or therapeutic interventions can be offered.
For an undiagnosed patient, other priority criteria may apply: the possibility to actively search information on the new variant and eventually contact other carriers to organize common actions in order to raise attention of the scientific community on the variant at stake makes the information equally actionable.
Pioneering projects and programs dealing with undiagnosed diseases have reported their experiences regarding returning results to participants. For example, one study carried by the Canadian FORGE project using focus groups, revealed that, in general, parents want to receive as much information about their child's health as possible as they perceive that the benefits of receiving all incidental findings outweigh the potential harm [66] .
Thus, undiagnosed patients are usually willing to be informed about new findings, independently from the immediate clinical utility. A cost benefit ratio still needs to be applied. But for those results that are not related to the RD under study, in fact constitute a completely different category that may be looked at given that the entire sequence is produced anyway. This is a form of opportunistic screening where, as the term suggests, screening for other genes is conducted because it is convenient (and supposedly useful) [67] . Regarding these results, RD patients should hold the same right to access results as the general population [68, 69] .
Discussion
One of the main goals for the RD community, as defined by the IRDIRC, is to deliver the means to diagnose most RDs, including identification of all RD-associated genes.
Recently, the IRDIRC proposed as its ultimate goal for 2017-2027 to enable all people coming to medical attention with a suspected RD to be diagnosed within one year if the disorder is known, and to propose all currently unsolved cases to enter a globally coordinated diagnostic and research pipeline [18] . To achieve this, the scientific and the patient community need to work jointly to implement organizational solutions that make the best use of available technologies by pooling knowledge and expertise, registries, data and funding. In the EU this is happening thanks to the establishment of 24 European Reference Networks (ERN) for research and care of rare and complex diseases, where experts are able to share cases through virtual meetings and review outcomes retrospectively to agree on the best possible care [70] .
Hopefully the availability of new tools, such as NGS and deep standardised phenotyping, enable physicians, researchers, and patients to find matches with data of other patients and discover patterns that can lead to appropriate and targeted diagnostic tests.
Besides, the current trend to standardise phenotype description and other types of observations by using ontologies, carries the potential for a more thorough comprehension and mutual understanding between patients and clinicians who can both contribute in building and applying a common vocabulary.
Importantly, unambiguous coding of data in terms of machine readable ontologies opens new gateways for computational support.
However, there may still be ethical, legal constraints and socio cultural barriers to data sharing and matchmaking that limit the capacity to fully exploit the potential of existing tools and the size of matchmaking networks, thus limiting the potential to identify matches.
According to Boycott et al, it takes approximately 2-3 years to identify an additional unrelated individual with a pathogenic mutation in the same gene after publication of a single patient or family illustrating the difficulty in identifying unrelated patients with similar phenotype and pathogenic variants in the same gene. The number of candidate genes (e.g. containing deleterious-appearing genetic variation) that are unpublished and/or in inaccessible "silos" worldwide, is estimated to be more than 1,000 [2].
The propensity of researchers not to share patients' data may be resulting in an overprotection of privacy, which might not always be the preferred option by patients.
As a result, patients who want their data to be shared and accessed worldwide are creating their own platforms where they have the possibility to take direct responsibility for deciding between the benefits of sharing private information and the resulting risks to their privacy.
In patient led matchmaking databases, patients can access larger networks, disseminate information through other channels including social media and patient associations and provide detailed sets of phenotypic and genotypic data, often longitudinal in nature, even without expert mediation [55] .
There is growing recognition that patients led research (PLR) can generate useful information for researchers, even though it has also been questioned for not being subject to ethical oversight and for methodological limitations including bias, self-selection, and problems with self-reporting of symptoms or phenotypic data [71, 72, 73] . Also the risk of engendering duplications and poor coordination of efforts with increased "false matches" may be a side effect of the multiplication of different genomics matchmaking databases [55] .
Thus, patients and researchers must team up and involve each others in their research activities in order to build interoperable instruments and tools, and maximise the potential of matchmaking platforms while minimising informational risks for patients (including misuse of data, direct use of data for purposes not related with the aim of research, re-identifications, indirect diagnosis of family members and children).
In this "new model" of clinical diagnostics, families, patients, and scientists work jointly to find new patients, confirm or refute hypotheses and exchange clinical information [52] .
Computational methods have the potential to overcome many problems associated with data sharing.
For instance, privacy-preserving record linking and applying FAIR principles 'at the source' further enables analysis across distributed data sources without moving and exposing sensitive data. Ontology mapping further provides sophisticated means to link patient-reported information and information provided by clinicians.
Besides, robust oversight mechanisms must be in place to maintain trust, including a governance system that involves patient associations and Research Ethics Committees (RECs) besides matchmaking platforms' data access committees, together with a secure system for accrediting and tracing the activity of researchers who are asking access to patients' genetic and phenotypic data [74] .
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Box 1: Patient involvement in the search for a diagnosis 1) actively participate in the description of their phenotype and review the description that is made by professionals or contribute to the description of their phenotype which can be validated by clinicians or specifically trained experts (especially regarding the correct use of the terminology/recognised ontology); 2) be the ones to choose the level of visibility of their profile in matchmaking databases (e.g. private for clinicians, available to a closed community of researchers or public); 3) express their preferences regarding return of new findings, in particular regarding the level of significance a VUS should have in order to be considered relevant to them. 
